Review on aquaporin-1 (AQP1), with data on DNA, on the protein encoded, and where the gene is implicated.
Identity
Other names: CHIP28 HGNC (Hugo): AQP1 Location : 7p14.3
DNA/RNA

Transcription
There are various splicing forms. Canonical form transcript (hg38), including UTRs: chr7:30, 911, 925, 516, size: 13,823bp on forward (+) strand; coding region: chr7: 30,911,910 -30,923,629, size: 11,720bp , according to UCSC. Four exons: exon1 (nt 1 -600) codes for amino acids (aa) 1-128, exon2 (nt 10373 -10537) for aa 129-183; exon3 (nt 10871 -10951) for aa 184-210, and exon4 (nt 11757 -13823) for aa .
Protein
Aquaporins are a family of hydrophobic transmembrane channel proteins involved in transport of water and small molecules in response to osmotic gradients. They are distributed throughout many tissues, with various known roles of production, secretion, reabsorption and regulation of water, but also of cell migration (angiogenesis), signal transduction, and cell proliferation. There are 14 AQPs in humans (and 5 pseudogenes): MIP (previously called AQP0), AQP1, AQP2, AQP3, AQP4, AQP5, AQP6, AQP7, AQP8, AQP9, AQP10, AQP11, AQP12A and AQP12B. They are classified into two families: orthodox aquaporins, that transport water only, and aquaglyceroporins (AQP3, AQP7 and AQP9), which also transport glycerol, urea and other small molecules. AQPs form homotetramers (Review in Papadopoulos and Saadoun, 2015) . The monomeric units of AQPs are ~30 kDa proteins and consist of 6 transmembrane α-helices (M1, M2, M4 to M6 and M8), 2 intramembrane half helices (M3 and M7), and 5 connecting loops (loops A to E) (Review in Verkman et al., 2014) . They bear conserved intramembrane Asn-Pro-Ala (NPA) sequence motifs in the intramembrane domains, and six tilted transmembrane helices per monomer, with linkers (loops A to E). The NPA motifs act as hydrogen-bond donors and acceptors that coordinate the transport of water through the pore (Verkman et al., 2014) . Figure. 2) would be a path for ion and gas (Review in Tomita et al., 2017) . -35, 40-45, 57-62, 82-87, 104-109, 114-119, 121-126, 132-137, 136-141, 173-178, 190-195, 219-224 
Expression
AQPs are widely expressed. AQP1 is the main water channel in human (especially erythrocytes), but its function in water permeation can be alternatively supported by urea transporters SLC14A1 and SLC14A2 and glucose transporter SLC2A1 (GLUT1). The CO2-transporting function of APQ1 is replaceable by RHAG gas channel. (Hsu 2018) . AQP1 is expressed in all tissues, in particular in renal tubules, exocrine pancreas, neuropil (synaptically dense regions of brain), bile ducts, corneal endothelium, bone marrow, myoepithelial cells of breast and endothelial cells (The Human Protein Atlas). AQP1 is present in pleura and microvessels. AQP1 and AQP4 are expressed in the iris and ciliary epithelium and play important roles in regulating aqueous humor (review in Huber et al. 2012) . Choroid plexus epithelium: AQP1 is highly expressed in the apical side of choroid plexus epithelium, where it facilitates cerebrospinal fluid (CSF) secretion and intracranial pressure regulation (Longatti et al., 2006; review in Huber et al. 2012) .
Renal proximal tubule and loop of Henle: mice deficient in AQP1 have a reduced ability to concentrate urine and there is also a moderate defective urinary concentrating ability in AQP1 deficient patients (King et al., 2001) .
Erythrocyte: CO2 metabolite enters erythrocytes via diffusion and/or gas channels (e.g. AQP1 and RHAG). AQP1 is a H2O/CO2 channel in the erythrocyte. There are 160,000-200,000 copies of AQP1 on one erythrocyte membrane (Hsu 2018) . AQP1 forms complex with SLC4A1 (band 3) and CA2 (carbonic anhydrase II) for intraerythrocytic CO2/HCO3 conversion in relation to desoxy-hemoglobin (Hsu 2018) . 60% of CO2 flux in or out of RBCs is via AQP1 gas channel. The rest of CO2 flux is likely through another gas channel, RHAG, and/or direct diffusion (Hsu 2018) .
Localisation
Localized to the plasma membrane.
Function
AQPs main's role is to maintain tissue water balance. AQPs also facilitate cell migration, cell proliferation and cell adhesion. Cell migration: AQPs concentrate at the leading end of migrating cells and facilitate the formation of the lamellipodium (Papadopoulos and Saadoun, 2015) . Cell proliferation: AQPs may activates transduction pathways such as the mitogenactivated protein kinase pathways or the Wnt/ β-catenin signaling. AQP1 may also be involved in down regulation of apoptosis. AQP1 up-regulation induces CTNNB1 (β-catenin) overexpression and serves as coactivator in the nucleus to activate Wnt responsive genes such as MYC, CCND1 (cyclin D1), JUN and FOSL1. AQP1 stabilises the cadherin/ CTNNB1/Lin7/F-actin complex to enhance the migratory and invasive capacity of tumor cells. AQP1 enhances the activity of MMP2 and MMP9 through PTK2 (FAK) and Wnt signalling pathways. Hypoxia induces AQP1 overexpression in tumour cells, in combination with important downstream effectors including CTNNB1, FAK and the Rho family of GTPases known for their role in tumorigenesis. (see review in Tomita et al., 2017) .
Mutations
Germinal Polymorphism: AQP1 is responsible for the Colton blood group system, with high incidence of Co(a) allele/antigen (Ala in aa 45), and low incidence of Co(b) allele/antigen (Val in aa 45). Colton-null phenotype Co(a-b-), is an aquaporin-1 deficiency. The patients, under stress, have a defect in urinary concentration capacity (King et al., 2002) . AQP1-null mice have a significant decrease in urine osmolarity, but a normal survival.
Epigenetics
Increased expression of aquaporins 1 and 4 was found in Creutzfeldt-Jakob disease (Rodrèguez et al. 2006 ).
Implicated in
Aquaporin-1 is a well-established marker of proliferating tumor microvessels (Saadoun et al., 2002) . Aquaporin-1 is present in tumor vascular endothelium. AQP-expressing cancer cells show enhanced migration in vitro and greater local tumor invasion, tumor cell extravasation, and metastases in vivo than aquaporin-1-null transgenic mice. Aquaporin-1 facilitates endothelial cell migration and angiogenesis.
Astrocytoma
A t(1;7)(p13;p14) AQP1/ CHI3L2 has been found in low grade astrocytoma (Yoshihara et al., 2015) . The fusion gene ADCYAP1R1/AQP1 7p14-7p14 has been found in astrocytoma (Hu et al., 2018) . There was a significant increase in aquaporin-1 expression from low-grade to high-grade astrocytomas. AQP1 up-regulation was predominantly located perivascularly, and associated with angiogenesis, as well as with invasion of grade IV astrocytoma (El Hindy et al., 2013) . Aquaporin-1 was expressed in microvessel endothelia and neoplastic astrocytes in metastatic carcinomas. Aquaporin-1 may participate in the formation of brain tumor edema (Saadoun et al., 2002) .
Bladder urothelial carcinoma
Marked increase expression levels of aquaporin-1 was noted with bladder urothelial carcinoma histological grade and pathological stage. The expression of aquaporin-1 was markedly higher in cancerous tissues with lymph node metastasis (Liu et al., 2015) .
Breast adenocarcinoma
A t(7;19)(p14;p13) AQP1/ TYK2 has been found in breast adenocarcinoma (Hu et al., 2018) . Aquaporin-1 is thought to be involved in estrogen mediated angiogenesis in the mammary gland (Mobasheri and Barrett-Jolley, 2014) .
Cholangiocarcinoma
Strong aquaporin-1 expression predicts poor survival, regardless of pathological features in hilar cholangiocarcinoma (Li et al., 2017) .
Choroid plexus carcinoma
Aquaporin-1 plays a role in tumor angiogenesis, cell migration, extravasation, and metastasis in choroid plexus carcinoma.
Colorectal cancer
Aquaporin-1 is an independent prognostic factor in advanced colon cancer (Yoshida et al., 2013) . Expression of aquaporins 1, 3, and 5 was found in seven colon and colorectal cancer cell lines. The expression of aquaporins 1 and 5 was induced in early-stage disease (early dysplasia) and maintained through the late stages of colon cancer development (Moon et al., 2003) .
Head and neck cancer
High expression is correlated with better prognosis in head and neck cancer, according to The Human Protein Atlas. On the other hand, aquaporin-1 was overexpressed in nasopharyngeal cancer tissues; migrated tumor tissue had even higher expression (Li and Zhang 2010) .
Hemangioblastoma
Upregulation of aquaporin-1 expression was found in hemangioblastoma (Chen et al. 2006 ).
Kidney adenocarcinomay
A t(7;20)(p14;q13) AQP1/ ARFGEF2 has been found in adenocarcinoma of the kidney (Hu et al., 2018) . High expression is correlated with better prognosis in renal cell cancer according to The Human Protein Atlas.
Lung cancer
A t(6;7)(p21;p14) AQP1/ CFB has been found in lung adenocarcinoma (Hu et al., 2018) . Aquaporin-1 was overexpressed in adenocarcinoma and bronchoalveolar carcinoma, respectively, whereas all cases of squamous cell carcinoma and normal lung tissue were negative (Hoque et al., 2006) .
Multiple myeloma
Patients with active multiple myeloma display significantly higher levels of aquaporin-1 than those with non-active multiple myeloma. Patients with monoclonal gammopathies of undetermined significance (MGUS) had lower levels of aquaporin-1 (Vacca et al. 2001 ).
Uterus cervical carcinoma
The fusion gene TRA2A/AQP1 (7p15-7p14) has been found in squamous cell carcinoma of the uterus cervix (Hu et al., 2018) . Aquaporins 1 and 3 were upregulated in cervical carcinoma, significantly increased in advanced stage disease, and patients with deeper tumor infiltration, lymph node metastases or larger tumor volume (Chen et al., 2014) .
Uterus endometrial adenocarcinoma
A positive correlation between aquaporin-1, 
Pleural malignant mesothelioma
Expression of aquaporin-1 in malignant mesothelioma is an independent prognostic factor, irrespective of the type of treatment received. Expression of AQP1 by more than 50% of tumor cells was associated with prolonged survival (Kao et al., 2012) .
Prostate adenocarcinoma
Aquaporin-1 overexpression was significantly associated with higher Gleason scores and is associated with prostate adenocarcinoma progression (Park and Yoon 2017) .
To be noted
Aquaporin-targeted drugs: Heavy metal ions (mercury, silver, gold) are inhibitors of aquaporin-1. The Henle loop diuretic bumetanide and analogues AqB013 and AqF026 also inhibit aquaporin-1. The quaternary ammonium compound tetraethylammonium is an inhibitor of aquaporin-1 water permeability (Verkman et al., 2014; Tomita et al., 2017) .
